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Long-term chemiluminescence signal is 
produced in the course of luminol oxidation 
catalyzed by enhancer-independent 
peroxidase purified from Jatropha 

curcas leaves 


Peipei Duan,’ Feng Cai,” Yongting Luo,‘ Yangxi Chen? and Shujuan Zou** 


ABSTRACT: Isoenzyme c of horseradish peroxidase (HRP-C) is widely used in enzyme immunoassay combined with chemilu- 
minescence (CL) detection. For this application, HRP-C activity measurement is usually based on luminol oxidation in the 
presence of hydrogen peroxide (H202). However, this catalysis reaction was enhancer dependent. In this study, we 
demonstrated that Jatropha curcas peroxidase (JcGP1) showed high efficiency in catalyzing luminol oxidation in the presence 
of H,0,. Compared with HRP-C, the JcGP1-induced reaction was enhancer independent, which made the enzyme-linked 
immunosorbent assay (ELISA) simpler. In addition, the JcGP1 catalyzed reaction showed a long-term stable CL signal. We 
optimized the conditions for JcGP1 catalysis and determined the favorable conditions as follows: 50 mM Tris buffer 
(pH 8.2) containing 10 mM H,0,, 14 mM luminol and 0.75 M NaCl. The optimum catalysis temperature was 30°C. The de- 
tection limit of JcGP1 under optimum condition was 0.2 pM. Long-term stable CL signal combined with enhancer- 
independent property indicated that JcGP1 might be a valuable candidate peroxidase for clinical diagnosis and enzyme 
immunoassay with CL detection. Copyright © 2014 John Wiley & Sons, Ltd. 
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process results in light emission (eqn (4)). In these equations, E 
represents the resting-state peroxidase while El and Ell represent 
its intermediate compounds: 


Introduction 


Class Ill plant peroxidase (EC 1.11.1.7) is one of the most widely 
known plant enzymes. This enzyme plays a role in diverse phys- 


iological processes (1). The peroxidases have been isolated, puri- E + H,02—El + H20 (1) 
fied and characterized from various plant sources and are 
broadly used as a model enzyme to investigate enzyme struc- El-+ AH—Ell + A- (2) 
tures and properties (2). However, only the cationic isoenzyme 
c from horseradish peroxidase (HRP-C) has been developed 
thoroughly for practical applications (3-6). HRP-C has been Ell + AH>E + A+ + H20 (3) 


widely applied as an enzyme label by conjugation with antibody 
or antigen in enzyme-linked immunosorbent assay (ELISA) (7). 
To detect enzymatic activity, chemiluminescence (CL) is com- 
monly used because the CL method is more sensitive when 
compared with colorimetry or fluorimetry (8,9). In the CL 


A++ luminol — AH + 3 — aminophthalate + N2+ hv (4) 
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method, the measurement of HRP-C activity is usually based 
on oxidation of luminol in the presence of H203. 

Certain enhancers are essential for the HRP-C CL reaction to 
obtain a higher CL signal (10). The mechanism of the enhanced 
CL reaction is different with that of the non-enhanced CL 
reaction (11,12). In brief, the enhancer (AH), instead of luminol, 
is first oxidized by H20, in the presence of HRP-C because the 
enhancer is more active towards HRP-C than luminol in the 
reaction solutions (eqns (1)-(3)), known as the ‘ping-pong’ 
mechanism. These reactions form the radical product of a one- 
electron oxidation enhancer (As), which can oxidize luminol. 
Eventually luminol is converted into 3-aminophthalate, and this 
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The absence of enhancer could slow down light emission in 
the luminol oxidation reaction, so several enhancers have been 
developed (12). The enhancer p-iodophenol was been added 
to the substrate mixture, but only low stability of CL signal was 
obtained in the p-iodophenol-enhanced CL reaction catalyzed 
by HRP-C, which might lead to an inaccurate estimation of 
analytes (13). Other cocktails of enhancers have been developed 
to improve the signal stability and sensitivity of this reaction (14) 
but, for practical purposes, a simpler reaction mixture might 
have been better. 

Recently, some studies have investigated that oxidation of 
luminol could be catalyzed by several anionic peroxidases, e.g. 
soybean peroxidase (SBP) (15), African oil palm tree peroxidase 
(AOPTP) (16), sweet potato peroxidase (SPP) (17) and royal palm 
leaf peroxidase (RPLP) (18). The catalysis mechanism of these an- 
ionic peroxidases is similar for HRP-C except for their capability 
to catalyze luminol oxidation without an enhancer. For these an- 
ionic peroxidases, AH and A: in the above equations represent 
luminol and its radical product from one-electron oxidation. 
The catalysis reaction by these anionic peroxidases showed a 
long-term stable CL signal (15-18). In addition, some of these 
enzymes have been successfully developed for sensitive ELISA 
assay (19,20). 

Here we demonstrate that Jatropha curcas peroxidase (JcGP1), 
a novel highly stable anionic enzyme isolated from Jatropha 
curcas, was able to catalyze luminol oxidation without any 
enhancer. The optimal reaction conditions, the kinetic curve, as 
well as the lower detection limit of the JcGP1 induced CL 
reaction were analyzed in this study. 


Experimental 


Reagents 


Jatropha curcas peroxidase (JcGP1, RZ 3.2) was purified from 
leaves as described previously (21). Horseradish peroxidase 
(HRP-C, RZ 3.0) and soybean peroxidase (SBP, RZ 3.2) were 
purchased from Sigma (USA) and Bio-Research Products (USA), 
respectively. Luminol, Tris, p-iodophenol and H203 (30%) were 
obtained from Sigma (USA). The concentrations of HRP-C and 
SBP were measured using &€492=102 000 M” cm and 
£403 =90 000 M! cm™', respectively (22,23). The concentration 
of JcGP1 was determined by spectrophotometry according to 
haem absorbance €493 = 102 000 M’ cm”! (13). The concentra- 
tion of HO. was measured by &49=43.6 M! cm! (24). 
Dilutions of H20; were freshly prepared. 


Catalytic luminol oxidation conditions 


The catalysis for luminol oxidation was performed as follows: 
240 uL of Tris-HCI buffer (20-200 mM, pH 7.6-9.4) containing 
H20- (2-20 mM), luminol (0.1-20 mM) and NaCl (0-2.5 M) were 
introduced into the well of a white polystyrene plates (MaxiSorp, 
Nunc, Denmark). Then, the enzymatic reaction was initiated by 
adding 10 uL of peroxidase solution. The CL kinetics was 
recorded for 180 min at various temperatures (25-45°C) on a 
luminometer (Bio-Tek, USA). The CL intensity in the absence 
of enzyme was measured as the background. The CL intensity 
of peroxidase, defined as relative luminescence units (RLU) 
was obtained by subtracting the CL intensity of background 
from the total CL intensity. Experiments were performed in 
triplicate. 


Evaluation of the CL kinetics properties 


In order to optimize the reaction condition, three parameters 
were defined to evaluate the CL kinetics properties. MI repre- 
sents the maximum intensity of CL in each condition. DMI repre- 
sents the duration of MI when the CL intensity reaches a plateau 
above 98% of maximum CL intensity. The requirement of DMI 
was set as no shorter than 20 min. TTMI represents the time from 
initiation of the reaction to the MI. The requirement of TTMI was 
set as between 7-15 min. To determine the favorable conditions 
for each parameter, the requirements of the DMI and TTMI were 
first considered. Next, within the range determined by DMI and 
TTMI, the maximal MI was chosen. Data were collected and ana- 
lyzed in each optimization trial. 


Results and discussion 


Anionic peroxidase from Jatropha curcas leaves (JcGP1) was 
purified first by Feng in 2012. This enzyme is a glycoprotein with 
a molecular mass of 48 000 Da. It belongs to the family of secre- 
tory plant peroxidases (21). Isoelectric focusing showed that the 
pl of JcGP1 was 3.89, indicating that it was an anionic peroxidase 
(data not shown). 


Optimization of catalytic luminol oxidation 


Our goal was to obtain a lower detection limit and a stable CL 
signal, which are critical for practical application. First, we opti- 
mized the parameters of the JcGP1-catalyzed luminol reaction. 
Note that the standards to determine the optimal conditions 
may vary due to different practical purposes. In the study, con- 
sidering the high sensitivity requirement and time frame for set- 
ting up a multi-well plate diagnostic kit (typically 10-20 min), the 
requirements of DMI and TTMI were set as described above. 

As shown in Fig. 1(A), MI, DMI and TTMI were all strongly 
affected by pH of the reaction mixture. The optimum pH for 
MI was 8.1-8.3, which was close to that of HRP-C (pH 8.3) 
(14), SBP (pH 8.4-8.6) (15), AOPTP (pH 8.3-8.6) (16) and RPLP 
(pH 8.3-8.6) (18). However, to meet the requirements of DMI 
and TIMI, the pH needs to be no less than 8.2. Therefore, 
pH 8.2 was determined as the optimum pH for the catalysis 
reaction to obtain a higher MI. 

Previous literature has indicated that JcGP1 exhibits hot pref- 
erence. The maximum activity of JcGP1 was found at 60°C using 
guaiacol as substrate (21). Therefore, it was necessary to investi- 
gate the effect of reaction temperature on JcGP1 catalytic activ- 
ity. As shown in Fig. 1(B), the phenomenon of hot activation was 
also observed in the luminol oxidation catalysis. In contrast, DMI 
and TTMI were negatively correlated with reaction temperature. 
According to our optimization criteria, we considered that the 
optimum temperature for the catalysis reaction was 30°C. 

H20- is an oxidative substrate for peroxidases and produces 
compound | from a resting form of peroxidase (eqn (1)). How- 
ever, at high H20- concentrations, inactivation of plant and fun- 
gal peroxidases occurs, resulting in the less active compound Ill 
and the inactive compound P-670 (25,26). The feedback inhibi- 
tion by H20; was also observed in our study (Fig. 1C). The favor- 
able H203 concentration for MI was 6-14 mM. The range was 
higher and wider than many other plant peroxidases, such as 
AOPTP (4-6 mM) (16), SBP (6-10 mM) (15), RPLP (4-6 mM) (18) 
and SPP (4-7 mM) (17). To meet the requirements of DMI and 
TTMI, the minimal H-O, concentration should be no less than 
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Figure 1. Effect of pH (A), reaction temperature (B) and concentration of H202 (C), luminol (D), Tris buffer (E) and NaCl (F) on MI (%, e), DMI (min, m) and TTMI (min, A) 
obtained from the luminol-H302-JcGP1 system. MI, DMI and TTMI indicated the maximum CL intensity, the duration of the maximum CL intensity and the time from ini- 
tiation of the reaction to the maximum CL intensity, respectively. The highest MI was set as 100%. The optimum point is marked by the dotted line. Conditions: (A) UcGP1] 
=100 pM, [H202] =10 mM, [luminol] =14 mM, [Tris buffer] =50 mM, Temperature =30°C; (B) [JcGP1] =100 pM , [H202] =10 mM, [luminol] =14 mM, [Tris buffer] =50 mM (pH 
8.2); (C) UcGP1] =100 pM, [luminol] =14 mM, [Tris buffer] =50 mM (pH 8.2), Temperature =30°C; (D) [JcGP1] =100 pM, [H202] =10 mM, [Tris buffer] =50 mM (pH 8.2), 
Temperature =30°C; (E) [JcGP1] =100 pM, Tris buffer pH =8.2, [H202] =10 mM, [luminol] =14 mM, Temperature =30°C; (F) UcGP1] =100 pM, [H202] =10 mM, [luminol] 
=14 mM, [Tris buffer] =50 mM (pH 8.2), Temperature =30°C. 


2.0 mM. Within the range 2.0-20 mM, a concentration of 10 mM affected by pH of the reaction mixer, the 50 mM Tris buffer 
H2O, was evaluated because MI was the highest at this was used to maintain a more stable pH environment during 
concentration. the reaction. 

The catalysis properties were also affected by luminol con- The optimum NaCl concentration was 0.75 M for luminol 
centration (Fig. 1D). The optimal range of MI was observed oxidation catalysis (Fig. 1F). MI increased with increase in NaCl 
from 4-16 mM luminol. A similar correlation pattern was also concentration, whereas DMI and TTMI showed the opposite 
observed in AOPTP (16), SPP (17) and RPLP (18). The saturated trend. It has been illustrated that salt concentration was related 
concentration of luminol for JcGP1 catalysis was 5 mM, which to JcGP1 activity in the catalysis of guaiacol oxidation (21). 


was the same as that for SPP (5 mM), but was different from RPLP JcGP1 was not sensitive to p-iodophenol (a widely used en- 
(9 mM) and AOPTP (14 mM). DMI and TTMI displayed a similar hancer) at concentration of 0.5-2.0 mM (data not shown), 
positive correlation pattern with increase in luminol concentra- whereas HRP-C showed a high dependence on enhancer in 
tion, however the DMI and TTMI began to meet our criteria when luminol oxidation (10). The ability to catalyze the luminol 
the concentration of luminol reached 14 mM. Thus, 14 mM oxidation efficiently without enhancers was also observed in 
luminol was determined as the optimum concentration. several other anionic peroxidases (15-18). Recent studies have 


It has been reported that the catalysis activity of several plant shown that some of these anionic peroxidases are able to 
anionic peroxidases for luminol oxidation was highly dependent catalyze the luminol reaction to a greater extent in the pres- 
on Tris buffer concentration of the reaction mixture (15-18). ence of certain enhancers. For instance, the enhancer 3-(1- 
However, in this study, none of the three criteria (MI, DMI and phenothiazinyl)propane-1-sulfonate (SPTZ) with the addition of 
TTMI) was significantly affected by Tris buffer concentration 4-morpholinopyridin (MORP) could increase the light intensity 
(Fig. 1E). Considering that MI, DMI and TTMI were all strongly of SBP- and SPP-induced CL reactions (27,28). Future studies are 
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needed to characterize the catalysis properties of JcGP1 en- 
hanced by SPTZ—-MORP. 

As discussed above, the favorable conditions for the JcGP1- 
catalyzed oxidation of luminol was 50 mM Tris-HCI buffer 
(pH 8.2) containing 10 mM H202, 14 mM luminol and 0.75 M 
NaCl at 30°C. The DMI and TTMI under these conditions were 
22.6 min and 9.6 min, respectively. The concentrations of H202 
and luminol in the study are relatively high compared with 
previous studies, which can lead to high background and less 
sensitivity during determination of the JcGP1 concentration. 
However these conditions were determined based on needs 
of the present study. Favorable conditions may vary and still 
need to be optimized in future if the requirements of the CL 
signal stability and sensitivity vary. The studies listed below 
were performed under favorable conditions. 


Kinetic curves comparison 


A comparison of kinetic curves of luminol oxidation catalyzed by 
HRP-C, SBP and JcGP1 is shown in Fig. 2. The optimum reaction 
conditions for HRP-C and SBP were performed as reported previ- 
ously (13,15). The kinetic curve of HRP-C reached its peak shortly 
after initiation of the reaction and declined rapidly with time in 
the presence of p-iodophenol, whereas the kinetic curves for 
SBP and JcGP1 remained unchanged long term after reaching 
their MI. 

In the p-iodophenol-enhanced CL reaction, HRP-C inactivation 
could be the main reason for the CL signal decline. The reactive 
radical species formed during the p-iodophenol oxidation have 
been reported to be the main inactivating agents (13). JcGP1 
may also catalyze oxidation of substrates by the ‘ping-pong’ 
mechanism as described above. In luminol oxidation catalyzed 
by JcGP1, the activity of JcGP1 may be less impacted by the ac- 
cumulation of inactivating agents because the luminol oxidation 
was induced without any enhancer. Thus, this might elucidate 
why JcGP1 exhibited a long-term stable CL signal. 

The cocktail enhancer SPTZ-MORP was reported to provide a 
more stable signal for the HRP-C-based enhanced CL reaction 
(14) and this finding has already been applied in sensitive ELISAs 
to determine different analytes (29-32). However, JcGP1 may still 
be attractive because its enhancer-free capability may simplify 
the development of new ELISA kits. 
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Figure 2. Kinetic curves of CL intensity through luminol oxidation by H20; in the 
presence of HRP-C, SBP or JcGP1. Conditions for HRP-C catalysis: [HRP-C] =100 pM, 
[H202] =2 mM, [luminol] =1 mM, [p-iodophenol] =0.5 mM, [Tris buffer] =50 mM (pH 
8.4); Condition for SBP catalysis: [SBP] =100 pM, [H202] =8 mM, [luminol] =10 mM, 
[Tris buffer] =100 mM (pH 8.4); Condition for JcGP1 catalysis: [JcGP1] =100 pM, 
[H203] =10 mM, [luminol] =14 mM, [NaCl] =0.75 M, [Tris buffer] =50 mM (pH 8.2). 
CL intensity was recorded for 45 min. 
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Figure 3. Calibration curve for quantitative analysis of JcGP1 using the reaction of 
luminol oxidation. Condition: [H202] =10 mM, [luminol] =14 mM, [NaCl] =0.75 M, 
[Tris buffer] =50 mM (pH 8.2), Temperature =30°C. CL intensity was collected at 
20 min after the initiation of reaction. 


Detection limit of JcGP1 


The lower detection limit (LDL) of JcGP1 was 0.2 pM under 
favorable conditions (Fig. 3 insert). The LDL was determined by 
the 20 method in this study for comparison with previous 
studies. In this method, LDL was defined as the concentration 
of peroxidase, at which the level of CL signal exceeds two-fold 
than that observed in a peroxidase-free solution. The LDL of 
JcGP1 was higher compared with SPP (0.01pM) (17), but lower 
than several anionic peroxidases, 0.3 pM for SBP (15), 2 pM for 
AOPTP (16) and 1 pM for RPLP (18). At present, the 30 method 
has been used to determine the LDL of HRP-C for the SPTZ- 
MORP-enhanced CL reaction (14). The comparison of LDL calcu- 
lated by different methods was not addressed here because it 
might be misleading. 


Standard curve and linear interval for JcGP1 


The dependence of the CL signal versus the JcGP1 concentra- 
tion was linear over a broad range of enzyme concentration 
(10-150 pM) (Fig. 3). This feature was of considerable impor- 
tance for the use of JcGP1 in quantitative analysis. The best 
fitting of the experimental data was reached with the linear 
function Y =1812x + 4628 (7° =0.995, n =6). 


Conclusion 


We demonstrated that JcGP1 was able to catalyze luminol oxida- 
tion in the presence of H202. Luminol oxidation induced by 
JcGP1 produced a long-term stable CL signal and exhibited a 
low detection limit. Compared with HRP-C, the JcGP1-induced 
reaction was enhancer independent which may make the future 
ELISAs simpler. 

This study demonstrated the optimum point as well as the re- 
lationship between the three responses (MI, DMI and TTMI) and 
the various reaction parameters. The goal of optimization in this 
study was not only to determine the maximum MI, but also to 
balance sensitivity (MI), analysis reliability (DMI) and analysis 
throughput (TTMI). Thus, the optimum reaction conditions for in- 
dividual practical application may vary according to the different 
requirements on sensitivity, reliability and throughput. 

Previous studies have reported that JcGP1 exhibits long shelf- 
life, high thermal stability, wide pH resistance and high organic 
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solvents tolerance, which are important for long-term storage of 
peroxidase-antibody or peroxidase-antigen conjugates (21). In 
addition, the simple purification process and the abundance of 
the Jatropha curcas leaves allow the possibility of large scale 
manufacture of JcGP1. Therefore, the features described above 
indicate that JcGP1 might be a promising peroxidase candidate 
for practical application in enzyme immunoassays with chemilu- 
minescent detection. 
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